Three complex 7-oxygenated-8-prenylflavones, (-)-semiglabrin and (-)-pseudosemiglabrin, which are diastereoisomers, and lanceolatin A have been isolated from the root of Tephrosia apollinea (Del.) Link (Leguminosae) growing in Southern Egypt, together with two phytosterols, stigmasterol and sitosterol. The structures of the isolated compounds have been elucidated by means of physical and several spectroscopic methods including UV, IR, 1 H, 13 C NMR, DEPT, 2D 1 H-1 H COSY, HSQC, HMBC experiments, and high resolution mass spectrometry (HR-MS), as well as some chemical transformations. The stereochemistry of the structures of (-)-semiglabrin and lanceolatin A have been confirmed by X-ray crystal structure analysis. The anticarcinogenic properties of the isolated compounds showed no inhibitory mechanisms concerning the initiation, promotion, and progression stage of carcinogenesis. Moreover, the in vitro antimicrobial activities of the root ethanolic extract are discussed.
Introduction
Tephrosia Pres. (Leguminosae, Papilionoideae) is a large tropical and subtropical genus of about 300 species [1] . Several reports have indicated that the extract of some species of the genus have piscicidal, insecticidal, repellent [2] and anti-cancer properties [3] . Earlier phytochemical screening [2] of a number of species revealed the presence of rotenoids, isoflavones, flavanones, chalcones, flavonols and flavones. Within the group of flavones, 5,7-oxygenated and 7-oxygenated compounds, which are characterized by the presence of a prenyl unit at C-8, are well known. In many cases, these prenylated flavones have undergone further substitution and cyclization leading to complex molecules. Tephrosia apollinea (Del.) Link is a perennial shrublet distributed in Africa. In Egypt, it is abundant in the Nile Valley, along the coast of the Red Sea and in all Egyptian deserts [4] . We have undertaken a study of the constituents of the root of this species. Prenylated flavonoids from hop (Humulus lupulus L.) were shown 0932-0776 / 05 / 0400-0458 $ 06.00 c 2005 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com to modulate drug metabolism in vitro by inhibition of various cytochrome (Cyp) enzymes and by induction of quinone reductase (QR) activity in murine hepatoma cells. In addition, antioxidant and cytotoxic effects and 8-prenylnaringenin (8-PN) isolated from hops has been identified as a potent phytoestrogen [5] . Therefore, anticarcinogenic properties of the isolated prenylated flavonoids of the plant underinvestigation at the initiation, promotion, and progression stage of tumor development to identify novel potential chemopreventive agents are reported. Moreover, the in vitro antimicrobial activities of the root ethanolic extract are discussed.
Results and Discussion
Roots of T. apollinea were collected, air dried, and extracted with petroleum ether (60 -80 • C) and CH 2 Cl 2 . The CH 2 C1 2 extract was concentrated and subjected to preliminary separation by column chromatography over silica gel, eluting with n-hexaneEtOAc of increasing polarity. Individual fractions were subsequently separated and purified by LH-20 Sephadex chromatography and prep. TLC. This procedure yielded, in order of elution, three compounds 1, 3 and 5. The isolated compounds were characterized mainly by physical (m. p., [α] D ) and several spectroscopic methods including UV, IR, 1 H, 13 C NMR, DEPT, 2D 1 H-1 H COSY, HSQC, HMBC experiments, and high resolution mass spectrometry (HR-MS), as well as some chemical transformations. Moreover, the stereochemistry of the isolated compounds 1 and 5 was confirmed by X-ray crystallographic analysis. O 6 was determined by high resolution mass spectrometry (HR-MS) and showed the exact mass at m/z 392.1260. This was then confirmed by Electron impact (EI)-MS which showed a molecular ion at m/z 392. The ultraviolet (UV) spectrum showed absorption at λ max 307, 254, 247 (sh) and 215 nm indicating its flavone character. The UV spectrum remained unchanged on addition of alkali indicating the absence of a phenolic hydroxyl group. The infrared (IR) spectrum showed features characteristic of the flavone system with a band at 1735 cm −1 , as expected for CO group of an acetate moiety. The band at 1640 cm −1 was attributed to the γ-pyrone moiety [6] .
The 1 H NMR spectrum of compound 1 integrated for 20 protons. The two up field singlets at δ = 1.08 (3H) and δ = 1.30 (3H) were assigned to H-4 and H-5 (gem-dimethyl), respectively, adjacent to an oxygen function. A singlet at δ = 6.76 (H-3) was attributed to the flavone nucleus [7] . The proton nuclear magnetic resonance ( 1 H NMR) spectral data are in agreement with that of (-)-Semiglarin [2] except for remarkable differences in the B-ring protons, where H-2 /-6 appear as a multiplet centered at δ = 7.90 (2H). Also, H-3 /-5 appear as a multiplet centered at δ = 7.52 (2H), and the H-4 appears as a multiplet centered at δ = 7.51 (1H). Moreover, the examination of the 1 H-1 H connectivities in the homonuclear COSY spectrum of 1 showed the correlations between the H-2 /-6 and H-3 /-5 . Table 3 . HMBC spectral data for compounds 1, 3 and 5.
and 1 H- 13 C correlation experiments (HSQC), and are summarized in Table 1 . The 13 C NMR spectrum of compound 1 showed the presence of 21 signals, 13 of which can be accounted for by the flavone nucleus. Two of these signals are related to C-4 and C-5 at δ = 27.45 and δ = 23.11 (gem-dimethyl), respectively, indicating the presence of only one aliphatic quaternary carbon atom at δ = 87.81 assignable for C-2 . Also, the acetate moiety is indicated by the presence of a methyl group or C-2 at δ = 20.78 and carbonyl group or C-1 at δ = 169.59. Signals for the remaining carbons could be assigned by comparison with those reported for (-)-semiglabrin [8] . However, the carbon assignment of (-)-semiglabrin by Whaterman and Khalid [2] for C-8 was farther up field (2.39 ppm) than the observed data. The 13 C assignments of 1 were established by 1 H-detected heteronuclear single quantum coherence The electron impact (EI) mass spectrum of compound 1 showed a molecular ion peak at m/z 392 [M + ] together with the loss of acetic acid to give m/z 332, Fig. 1 . ORTEP view of compound 1, thermal ellipsoid at 50% probability level.
which is the base peak of the spectrum. There was also a significant peak at m/z 102 corresponding to Ph-CH=CH + , the fragment commonly observed in the MS of flavones with an unsubstituted B-ring [9] .
Single crystal X-ray analysis established the complete structure and relative stereochemistry of compound 1. The data are summarized in Tables 4 -9 . A view of the solid-state conformation is illustrated in Fig. 1 . The remarkable feature of the stereochemistry of 1 is the syn beta-oriented disposition of the protons attached to C-2 and C-3 and the pseudoaxial acetoxy substituent at C-3 . Cremer and Pople [10] parameters indicated that the five-membered rings in the bisfurano moiety adopt twisted (q 2 = 0.110Å, φ = 95 • and q 2 = 0.322Å, φ = 123 • ) conformations, with pseudo C 2 symmetry axis passing throughout O-3 and C-2 , respectively. The flavone moiety is essentially planar (angle between the γ-pyrone moiety and phenyl ring is 9.6 • ) with the H-2 , displaying intermolecular short contacts with the O-l (2.331Å) and the O carbonyl (2.457Å) of the acetoxy group. In the light of the above data compound 1, was named as (-)-semiglabrin and has been estab-
Compound 3 was obtained as colourless prisms,
. The molecular formula C 23 H 20 O 6 was determined by high resolution mass spectrometery (HR-MS) and showed the exact mass at m/z 392.1258. This was then con- Table 5 . Non-hydrogen atoms fractional coordinates (×10 4 ) and equivalent isotropic displacement parameters (×10 3Å2 ) for compounds 1 and 5.
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125.0(13) O(6)-C(1 )-C(2 ) 126.7 (13) The 1 H NMR spectrum of compound 3 resembled that of the previously reported spectrum for (-)-pseudosemiglabrin [2] except for remarkable differences in the B-ring protons, where H-2 /-6 appear as double of doublets centered at δ = 7.80 (2H, J = 8.0, 2.0). Also, H-3 /-5 appear as double of doublets at δ = 7.52 (2H, J = 8.0, 2.0), while the H-4 appears as a multiplet centered at δ = 7.51 (1H). The twodimensional (2D) 1 H-1 H and 1 H-13 C correlation spectroscopies (COSY) showed that the stereochemistry of gem-dimethyl of compound 3 are in the opposite di- Table 7 (continued).
122.01 (18) (19) rection to the gem-diemethyl of compound 1. In compound 3, the two up field singlets of gem-dimethyl centered at δ = 1.12 (3H) and δ = 1.37 (3H) which were assigned to H-5 and H-4 , respectively, whereas the two up field singlets of gem-dimethyl of compound 1 appear at δ = 1.08 (3H) and δ = 1.30 (3H) which were assigned to H-4 and H-5 , respectively. The 1 H assignments were unambiguously confirmed by 1 H-1 H correlation spectroscopy (COSY) and 1 H-13 C correlation experiments (HSQC), and are summarized in Table 1 .
The 13 C NMR of compound 3 showed the presence of 21 signals. The data are in agreement with that of (-)-pseudosemiglabrin [11] except for remarkable differences, where the data of C-2 and C-6 were reversible, as well as the data of C-2 and C-3 were also reversible. The assignment of C-2 appears at δ = 111.73, whereas C-6 appears at δ = 108.92. Also, the assignment of C-2 appears at δ = 84.62, whereas 
−177.2 (11) (5) 55 (7) 40 (6) 33 (5) 9 (5) 11 (6) 11 (6) C (2) 39(1) 45(1) 37(1) 4(1) 2(1) 0(1) O (6) 38 (7) 52 (7) 71 (7) 15 (6) 28 (6) 22 (6) C (3) 56(1) 51(1) 38(1) 6(1) 2(1) 7(1) C (2) 38 (10) 20 (7) 38 ( (7) 28 (9) 42 (9) 50 (9) 0(8) (8) 32 (9) 37 (9) 36 (8) 6(7) −3 (7) 18 (8) C (10) 41 (1) 56(1) 30(1) 4(1) 3(1) −1(1) C (9) 20 (8) 23 (8) 50 (9) 14 (7) −2(7) 13 (7) C(1 ) 40(1) 47(1) 37(1) −1(1) 0(1) −1(1) C (10) 26 (9) 32 (9) (5 ) 45 (10) 69 (12) 47 (9) 12 ( (6 ) 61 (11) 23 (8) 46 (8) 3 (7) 3 (9) 1 (9) C (2 ) 62 (1) 46(1) 37(1) (2 ) 28 (8) 34 (9) 52 (9) 7
(8) −19(7) −5(7)
C (3 ) 62 (1) 45(1) 34(1) 5(1) 5(1) −2(1) C (3 ) 38 (9) 40 (9) 40 (8) −1(7) −11 (8) 13 (8) C (4 ) 66 (1) 66(1) 52(1) 6(1) −1(1) 7(1) C (2 ) 43 (9) 39 (9) 26 (7) −7(7) −2 (7) 4 (8) C (5 ) 98 (2) 54(1) 34(1) 1(1) 0(1) −6(1) C (3 ) 60 (11) 19 (7) 32 (7) 14 (6) 3 (8) 12 (8) C (1 ) 69(1) 55(1) 55(1) −13(1) −1(1) 8(1) C (4 ) 62 (11) 57 (11) 43 (5 ) 85 (13) 26 (8) 59 (9) 10 (8) 0(10) −11(10) C (1 ) 33 (9) 21 (8) 39 (9) −6(8) −8(7) 6(7) C (2 ) 78(13) 52(11) 71(11) 12 (9) 5 (10) 32 (10) # The anisotropic displacement factor exponent takes the form:
C-3 appears at δ = 76.75. The 13 C assignments of 3 were unambiguously confirmed by two-dimensional (2D) 1 H-13 C correlation spectroscopies (HSQC and HMBC), as shown in Tables 2 and 3 .
The DEPT experiments (performed at 90 • and 135 • ) were carried out to ascertain the nature of the carbon atoms. They showed results that were similar to that of compound 1.
The electron impact (EI) mass spectrum of compound 3 showed a fragmentation pattern similar to that of compound 1 leading to the speculation that the two compounds are also isomers.
It is worth noting that, (-)-pseudosemiglabrin 3 is a diastereoisomer of (-)-semiglabrin 1 because the [α] D of the former −379 • has the same sign but higher value than in the latter. Furthermore, (-)-pseudosemiglabrin 3 has 3 chiral centers at C-2 , C-3 and C-3 where the splitting of the protons on the two latter carbons differ from (-)-semiglabrin 1, as shown in Table 1 .
Our attempts to effect deacetylation of compounds 1 and 3 under mild alkaline hydrolysis (see Experimental Section) to give alcohols 2 and 4 were successful. These alcohols were identical in all respects (m. p., UV, IR, NMR, and EI-MS) with natural (-)-semiglabrinol and (-)-pseudosemiglabrinol, respectively. In this work, we present the total assignments of the 1 H and 13 C NMR spectra of the compounds 2 and 4, and are recorded in Tables 1 with bands at 1635 and 1590 cm −1 , which were attributed to γ-pyrone CO and styryl, respectively. The bands at 3500, 1384 and 1149 cm −1 , as expected for the tertiary OH group [12] .
The 1 H NMR spectrum of compound 5 integrated for 20 protons. In the aromatic region, a singlet at δ = 6.76 (H-3) indicative for a flavone nucleus [7] . Multiplets at δ = 7.90−7.92 (2H) and δ = 7.50−7.51 (3H), and the two ortho coupled doublets at δ = 8.12 (1H, J = 8.8) and δ = 7.02 (1H, J = 8.8) showed lack of substitution in ring B and at C-5 and C-6, respectively. The presence of a methoxyl group was also evident by a singlet at δ = 3.98 (3H). The relative positions of the methoxyl group and the side chain at C-7 and C-8, respectively, were determined by benzene induced solvent shift which resulted in the up field shift of the methoxy proton signal (0.23 ppm) [13] . The remaining nine protons were typically those of the rarely encountered 3 -hydroxy-3 -methyl-trans-isobut-1 -enyl side chain, and observed as follows: i) the two singlets centered at δ = 1.55 (3H) and at δ = 1.50 (3H) were assigned to H-4 and H-5 (gem-dimethyl), respectively, ii) a broad singlet at δ = 1.65 (1H, exchangeable D 2 O) was assigned to a hydroxyl (OH) proton, and iii) the two doublets centered at δ = 6.97 (1H, J = 16.5) and at δ = 6.82 (1H, J = 16.5) were assigned to coupled H-1 and H-2 , respectively [14] . The J value indicated a trans-configuration [15] . The 1 H assignments were unambiguously confirmed by 1 H-1 H correlation spectroscopy (COSY) and 1 H-13 C correlation experiments (HSQC), and are summarized in Table 1 .
The 13 C NMR spectra of pure 5 showed the presence of 18 signals and had not been previously recorded. The 13 C assignments of 5 were unambiguously established by two-dimensional (2D) 1 H-13 C correlation spectroscopies (HSQC and HMBC), as shown in Tables 2 and 3.
The DEPT experiments (performed at 90 • and 135 • ) were carried out to ascertain the nature of the carbon atoms. They showed thirteen positive peaks for three methyl and ten methine carbons. The negative peaks for methylene carbons were absent. The other eight resonances were due to the quaternary carbons. The petroleum ether (60 -80 • C) extract of T. apollinea root was subjected to silica gel G CC eluting with n-hexane-EtOAc mixtures with increasing polarities which afforded two phytosterols, stigmasterol 6 and sitosterol 7, which were characterized by comparison of their physical (m. p., [α] D ) and spectroscopic (IR, 1 H and 13 C NMR, and EI-MS) data with those of authentic samples or spectroscopic data described in the literature [16 -18] .
Anticarcinogenic properties
The anticarcinogenic properties of the isolated prenylated flavonoids 1, 3 and 5 showed no significant .0 I = The root ethanolic extract (2 mg/ml); II = chloramphenicol (2 mg/ml); III = trosyed R (2 mg/ml); * 18 -25 mm = high inhibition activity; 12 -17 mm = medium inhibition activity; 00.0 = no inhibition; NT = not tested.
inhibitory mechanisms at the initiation, promotion, and progression stage of carcinogenesis (see Experimental Section).
To our knowledge, compound 1 was shown to display antimalarial activity [19] . Compounds 1 and 3 have inhibitory effect against human platelet aggregation [20, 21] .
Antimicrobial activity
The root ethanolic extract of T. apollinea was tested by the cup-plate method [22] against six species of microorganisms (three bacteria and three fungi). Bacterial species comprised Bacillus cereus (Gram-positive), and Escherichia coil and Serratia marcescens (Gramnegative) versus Chloramphenicol as a positive control. The selected fungal species included Aspergillus flavus (aflatoxigenic species), A. fumigatus (human pathogenic species) and Penicillium chrysogenum versus Trosyd R as a positive control. Data are recorded in Table 11 .
In antibacterial testing, the root ethanolic extract was found to have high antibacterial activity towards Bacillus cereus, whereas, it exhibited moderate inhibitory effect against Escherichia coli and Serratia marcescens. The inhibitory action was always lower than that of the reference sample Chloramphenicol. On the contrary, the root extract was generally inactive against the tested fungi.
Experimental Section

General
All melting points were measured on a Kofler's hot stage microscope and are uncorr. Ultraviolet (UV) spectra were recorded on a Shimadzu UV-160A spectrometer in MeOH and infrared (IR) spectra on a Shimadzu IR-450 spectrometer. 1 H, 13 C NMR, DEPT, 2D 1 H-1 H COSY, HSQC and HMBC were measured on a JEOL GSX-500 and a Bruker DRX-500 spectrometers in CDCl 3 , unless otherwise stated. Chemical shifts are shown in δ values (ppm) with tetramethylsilane (TMS) as an internal reference. All mass spectra (MS) and HR-MS were taken under electron impact (EI) conditions using an M-80 (Hitachi) or a JMS-HX-110 (JEOL) spectrometer having a direct inlet system. Optical rotations were measured on a Perkin Elmer 192 Polarimeter, with a 10 cm microcell in CHCl 3 · CC: Silica gel (Merck, 60 -120 mesh) and Sephadex LH-20 (Pharmacia). TLC and prep. TLC: Silica ge1 60 GF 254 (Merck). TLC zones were visualized either by spraying with vanillin-sulphuric acid or under UV light. All evaporation were done in vacuo on a rotary evaporator. Ether refers to diethyl ether throughout.
Plant material
The root of T. apollinea (Del.) Link were collected in August 1999 from Wadi Kubbaniya, Northwest of Aswan, Southern Egypt. Identification was kindly verified by Professor Dr. Loutfy Boulos, Department of Botany, Faculty of Science, Cairo University, Cairo, Egypt. A voucher specimen (No. 529) has been deposited at the Botany Department Herbarium, Faculty of Science, South Valley University, Aswan, Egypt.
Extraction and isolation
Air-dried and powdered root (1.5 kg) of T. apollinea were defatted with petroleum ether (60 -80 • C) at room temp. for 48 h. The defatted root were further extracted with CH 2 Cl 2 at root temp. for 48 h.
Chromatography of the CH 2 Cl 2 extract
The CH 2 Cl 2 extract (ca. 15 g) was subjected to silica gel CC. Successive elution with n-hexane-EtOAc (10:1, 4:1, 2:1, l:l), EtOAc and MeOH afforded 12 fractions. Each fraction was further separated by Sephadex LH-20 followed by prep. TLC [solvent: n-hexane-ether (1:1,1:3), n-hexaneEtOAc (9:1, 8:2, 7:3), n-hexane-Me 2 CO(8:2), CH 2 Cl 2 -Me 2 CO(9:1)] to give (-)-semiglabrin 1 (50 mg), (-)-pseudosemiglabrin 3 (45 mg), and lanceolatin A 5 (30 mg). (18) , 102 (9) and 43 (65) [9] . [5 ,4 -h] -flavone (2) Compound 1 (20 mg) was dissolved in the minimum amount of 0.1% KOH and allowed to stand for 24 h. The mixture was diluted with H 2 O and exited with CH 2 Cl 2 to give a colourless oil. Crystallization from Me 2 CO gave 2 as a white needles (15 mg -UV and -IR were identical to 2. -1 H and -13 C NMR spectra of this compound were in agreement with the data reported for natural (-)-pseudosemiglabrinol [23] , see Tables 1 and 2. -MS (EI, 70 eV): The data were similar to those of compound 2. (D 4 2 ) no. 19 from Laue symmetry and systematic absences: h00 when h = 2n, 0k0 when k = 2n, 00l when l = 2n; a = 6.719 (2) Table 4 . Table 4 .
(-)-Semiglabrin; 2 ,2 -dimethyl-3 -acetoxy-tetrahydrofurano-[3 ,2 -b]-dihydrofurano-[5 ,4 -h]-flavone (1)
C(-)-Semiglabrinol; 2 ,2 -dimethyl-3 -hydroxy-tetrahydro- furano-[3 ,2 -b]-dihydrofurano
Lanceolatin A; 7-methoxy-8-(3 -hydroxy-3 -methyl-transisobut-1 -enyl)-flavone (5)
Unit cell parameters were obtained by least-squares fit of 35 (20 < θ < 25 • for compound 1, 50 < θ < 56 • for compound 5) accurately centered reflections. Intensity data (3261 + h, +k, +l plus Friedel pairs reflections for 1, 2275 + h, +k, ±l reflections for 5) were recorded at 25 • C on a Siemens P4/PC diffractometer [Mo-K α radiation for 1, Cu-K α for 5, graphite monochromator, ω-2θ scans, θ max = 25 • for 1, θ max = 56.75 • for 5]. The intensities of three reference reflections, monitored every 97 measurements during data collection, showed no significant variation (< 3%) throughout. The usual Lorentz and polarization corrections were applied to intensity data and all the data were used for the structure refinement.
Both crystal structures were solved by direct methods (SIR 92) [25] . Initial coordinates for all nonhydrogen atoms were obtained from E-maps. The enantiomer in case of structure of (-)-semiglabrin was chosen to yield the same stereochemistry at C-2 and C-3 as in 1. Positional and thermal parameters of these atoms (first isotropic and then anisotropic) were adjusted by means of several rounds of full-matrix least-squares calculations [26] during which
All the hydrogen atoms were included as fixed contributions and not refined. Their idealized positions were generated from the geometries about the attached carbon atoms, and forced to ride on it with a fixed isotropic temperature factor, U U U = Tables 4 -10 .
Chromatography of the petrolelum ether (60 -80 • C) extract
Evaporation of the petroleum ether (60 -80 • C) extract gave a dark brown residue (ca. 100 g). 20 g was chromatographed over silica gel CC (one kg) and the column was eluted with n-hexane-EtOAc (4:1, 2:1, 1:1), EtOAc and MeOH afforded two phytosterols, stigmasterol 6 (50 mg) and sitosterol 7 (70 mg). . The spectroscopic data including IR, 1 H NMR, and EI-MS are in agreement with those reported in the literature [18] .
Stigmasterol (6)
C
Cancer chemopreventive activity
For the identification of novel cancer chemopreventive agents, we have set up a broad spectrum of cell-and enzymebased in vitro assays with markers relevant for measuring inhibition of carcinogenesis during the initiation, promotion, and progression stage. The bioassay systems offer fast (within days), sensitive, and cost-effective identification and evalution of isolated compounds 1, 3 and 5 for the development of effective chemopreventive agents and the elucidation of their mechanism of action. As a measure to detect anti-initiating properties, we focused on the modulation of carcinogen metabolism, i.e., carcinogen activation by phase 1 cytochrome (Cyp) 1A enzymes and detoxification by phase 2 enzyme quinone reductase (QR) and on the prevention of oxidative damage by scavenging of reactive oxygen species (ROS) and inhibition of nitric oxide (NO) production. With respect to antitumor promoting activity, we have established models to measure the influence of potential chemopreventive agents on generation or effects of endogenous tumor promoters, i.e., prostaglandins (PGs) and 17β -estradiol (E2). Finally, for the inhibition of carcinogenesis in the progression phase, we investigated a series of complementary antiproliferative mechanisms, i.e., inhibition of DNA synthesis and cell cycle progression and induction of apoptosis and terminal cell differentiation (for experimental detail see [5] ). The isolated prenylated flavonoids 1, 3 and 5 showed no significant cancer chemopreventive activity.
Biological investigations
The preliminary screening test was performed according to the cup-plate method [22] . Bacteria were allowed to grow on nutrient agar medium, whereas fungi were cultured on Sabourand's dextrose agar [27] . At the time of inoculation, cups (5 mm diameter) were made in the agar media (3 cups per plate). The root ethanolic extract of T. apollinea, and the reference samples of Chloramphenicol and Trosyd R were disolved in dimethyl sulphoxide (DMSO) to prepare 2 mg/ml solutions. Aliquots (10 µl of each) of the above solutions were pipetted into these cups. Cultures were incubated at 28 • C for 24 h for bacteria and 3 -7 days in the case of the fungi. The diameters of the inhibition zones around the cups were measured in mm. The results of antimicrobial activity of the root ethanolic extract are given in Table 11 . The results of Chloramphenicol and Trosyd R as positive controls are also included.
